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FOREWORD
{Nontechnical summary)

An earlier study showed that the severe decline in blood pressure cccurring in

S AR WO RTINS S50 I B A A
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monkeys immediately following a supralethal dose (4000 rads) of ionizing radiation

can be reduced or prevented by the preirradiation injection of a massive dose of an

N AR B T A
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antihistamine, chiorpheniramine. The present study was designed to test the effec-
tiveness of chlorpheniramine in preventing the performance de~rement generally
observed in monkéys following such a dose of radiation.

Twenty-five rhesus monkeys were trained to perform a simple cued avoidance

task, Ten of the monkeys were injected with saline and the remainder with chlorphen-

T

iramine prior to a 4000-rad dose of mixed gamma-neutron radiation. Five monkeys

were given 20 mg of chlorpheniramine and were performance tested 24 hours before

PRapieny- S ELTIER

irradiation and then this group and 10 other monkeys were given 10 mg of chlorphenir-

vLEE T

- amiﬁe at 60 minutes and again at 30 minutes before irradiaticﬁz.:’é‘.ﬁé gﬁrformance of
all monkeys was raoorded.for 2 hows postirradiation. Blood ﬁress&.ﬁ%‘wz\s monitored
during the same peried in the saline-treated eontrols and in 10 of the antihistamine-
treated animals, Larly performance (iacrement consistently 'occurre_d in all the 'salinc«
treatod monkeys following irradiation but was far’é in the antihistamino-treated mon-

- keys. ,_The postirradintion bléod prossure d)_:()p in the antihistamine-treated monkoys :
\va_s not as g_rcat as that- of the sallne=treated group, 'lfizot'ofdl‘e. chlorpheniramine is
offective both in preventing early performance decrement and in reducing the glec.lihe '

'Viurblood pressure m monkeys immediately folloQing a supralethal dose ‘of ionizing

- vadiation.
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ABSTRACT
The effectiveness of the antihistamine chlorpheniramine maleate in preventing
the early performance decrement in monkeys following a supralethal dose of ionizing

radiation was investigated. Twenty-five male monkeys (Macaca mulatta) were trained

to perform a discrete tri_al, cued avoidance task. Ten of these monkeys were injected
intravenously with isotonic saline 30 minutes hefore irradiation. Five monkeys were
injected with 20 mg of chlorpheniramine and were performance tested 24 hours prior

to irradiation. These five animals and 10 additional animals were then injected with

10 mg of chlorpheniramine at 60 minutes and at 30 minutes before irradiation, The
monkeys were tested and their performance was recorded for 2 hours following a
4000-rad dose of mixed gamma-neutron radiation; blood pressure was monitored in

20 of the monkeys. The pefformance of the chlorpheniramine-treated monkeys was
markedly superior to that of the saline-_treated group during thé first 30 minutes post-
irvadiation (the period generally éssociated with early transient incapacitation), With
the exception of one g‘rohp of five monkeys, the antihistamine-treated unimals per- -
foi'med significantly better than the saline-treated monkeys during the entire 2-hour
i)ostirradiation observation period. Th§ average blood prossure of thq chiorpheniramine-
'}ti'ea_tcd -moukeys wus-higlm* than that of the saline-treated monkeys t:h):qugh_out the
bbsm‘vation poriod, These findings suow that chlopphcniraminc prevents the perform-
anve decrement and reduces the sovority of hypotension observed in mounkeys t‘oﬂowing

- a supralethal dose of lonizing radiation,

. , - Preceding page hiank R .




B L

I. INTRODUCTION

Immediately following large, supralethal doges of ionizing radiation, monkeys
usually show a performance decrement, the severity of which is dose related.8 Gener-
ally, the performance decrement of monkeys exposed to a 4-krad dose of mixed
gamma-neutron radiation starts as early as 2 minutes after irradiation and lasts for
10 to 30 minutes with subsequent recovery to, or near, preirradiation levels of per-
formance. This early transient incapacitation (ETI) is accompanied by severe sys-
temic hypotension during which arterial blood pressure often decreases to less than
50 percent of normal.4

Tonizing radiation is known to release histamine, a powerful vasodilator which
is capable of producing many of tho more overt effects seen during ETI, An earﬁer
stuc{y4 showed that pretveating monkeys with a massive dose of an antihistamine,

1,3 prevented the gross signs

which acts by occupying receptq: sites on targot colls,
of i_ngapacit&iou and significantly ;veducu_d hypotension during the LTI periocﬁ; h-utAthe -
mechanisms by which this deug .decr_eases BTI affeéi;s are not known,

The present st ;"“»‘r examine’ﬂ the offactiveness of chlorphenivamine in'pré'_vontin.g
the perfo maiw‘e doecrement of task {rained monkeys following a single 4—!;:‘3(! dose of

~ mixed gamma-newtron radiation.

I MATERIALS AND METHOLS -

The animals used wore 2- to 3-year old male monkeys- (Macaca mulatia) weigh-
ing 3 to { kg, The care and maintenance of these monkeys have boen doscribei else-

4
whera, b
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Each monkey was trained to perform a discrete trial, cued avoidance task. At
the beginning of each trial, a 1-second warning tone and a 5.5-second cue light were
presented simultaneously. The cue light appeared over one of two levers and indicated
the correct response lever for that trial. If the animal failed to move the correct
lever within the first 5 seconds of the tricl, a 0.5-second electrical shock was admin-
istered to the monkey's tail. The shock and light terminated simultaneously, and a
4.5-second time-out followed. A correct response during the shock period permitted
the animal to escape the remainder of the shock., Time between the onset of succes-
sive trials was 10 seconds., If the animal moved the correct lever within the first
5 seconds of the trial, the cue light was immediately extinguished and time-~out was
initinted, thoveby permitting the animal to avoid the shock. Trinls were preseated on
cither of the two levers, in randowm ordét‘, an oqual number of times within bleuks of
100 trials (gxccptr that no lever was cued consegutively more than threo tlimcs).

J.o mininﬁze (listraatioﬁ,_'tlm aninmlﬁ we}:{: trained, irvadiated, and tested in

o isi)‘l:_ttion cul;iclos. Bach :’:'nimal was tﬁakmd until it could res;ﬁomj correctly, :u‘ Ieus_t.
- 90 perceat of tho time, to 2000 cpnsuuuﬁve triats,

'l‘xx'_enty-ﬁ% t_:m!ued monkeys weve di‘vit_iéd into four cxlvmrrmmnml grcups,- as
indimnte‘d be'lowar The wmonkeys in groups A, B, and € had catheters insﬁrted into thetr
fmno‘-‘al arteries-and veins 3 days bofore ir cadiation.  The tips of the eathoters were N

“advanced a measuxed distance m.the level of the diaphragm {the position was verified
at neovopsy). These c:xthetm‘é wore used for rocovding bk_m_d pressuve and adminis-
toring diugs. Clotting of the catheters was ;iz'oycntcd by vefilling thém with a 1 per-

cont heparin solution wice daily, but no attempt was made to hepartaize the antinals.




The monkeys were medicated, as follows:
Group A. Ten monkeys received 10 ml of isotonic saline 30 minutes before

irradiation, and served as the control group.

Group B. Five monkeys received 10 mg of chlorpheniramine (2 mg/ml of

isotonic saline) 60 minutes befo-fe irradiation and another 10 mg of chlorpheniramine
30 minutes before irradiation,

Group C. Five monkeys were given 20 mg of chlu=pheniramine {~5.7 mg/
kg) 24 hours before irradiation. Their response to the cued avoidance task was then.
tested for 2 hours. These ...onkeys then received 10 mg of chlorpheniramine 60 min-
utes before irradiation and another 10 mg of chlorpheniramine 30 minutes before
irradiation. (iach of the monkeys received a total of 40 mg (~11.5 mg/kg) of chlor-
pheniramine in the 24-hour preirradiaticn period.)

Group D. Five monkeys were used to evaluate the eiiect on the monkeys'
performances of the general anesthesiz {sodium Pentothal, 35 mg/kg, intravenously)
and suvgery used in the catheterizat) n procedure. Catheters were not placed in the
animals of this group. These monkeys were injected wih 20 mg (~5.7 mg/kg) of
chlorpheniramine in a superficial leg vein 60 minutes before irradiation.

All monkeys were given a 100~trial performance test beginning 25 minwes prior
to receiving « midline tissue dose of 4000 t 400 rads of mixed gamma-neutron radia-
tion from the ATRRI-TRIGA reactor. The radiaiion was delivered as a single pulse of
short duration (~06v msec).

Postirrudiation performance testing began 5 seconds after the pulse. Each tost

period (block) conaisted of 100 trials. The perforinance testing of all monkeys was

BT e e
BTN et st s e a e e R R e . . - - . e - IR T Tt
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continued for 2 hours after irradiation unless death intervened. During this time they
were visually monitored via closed-circuit television. Blood pressure was recorded
for the monkeys in Groups A, B, and C. The average correct response for each
2;nlinute interva' (10 trials) was calculated and plotted at the midpoint of that interval.
After each block of 100 trials, there was a 3. 4-minute rest period. Following the ini-
tial 2~hour postirradiation testing period, the monkeys of Group D were given a
100-trial test each hour until they died.

The results of this study were evaluated using the following criteria:

Performance decrement. The monkeys wetre trained to perform at or bet-

ter than 90 percent correct response. Performance less than 90 percent corvect was

ccnsidered a performance decrement.

Early transiert incapacitation (ETD), Failure to respond-for four or more

consecutive trials during the first 30 minutes postirradiation, followed by a resump-

tion of task performance, was consideced ETI.

Permanent complete incapacitation (PCI). A period in which the animal

fajled to respond was considered PCI, and terminated_in death,

III. RESULTS
The postirradiation performance and mean arterial blood pressure of individual
monkeys treated with isotonic saline or chlorpheniramine are shown in Figures 1
through 4, The average postirradiation performance of each treatment group is plotted
in Figure 5 and the average blood pressure for each group is presented in Figure 6,
Performancc and latency of response during the 2-hour period following chlor-
pheniramine administration (24 hours preirradietion) were not significantly different

from the pretrcatment values of the nonirradiated monkeys (Group C).
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itus on lever prevented accurate responses although he was performing coriectly.
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PERCENT CORRECT RESPONSES

prA e

A . 10 mi ISOTONIC SALINE INJECTED
30 MINUTES PREIRRADIATION

B - 10 mg CHLORPHENIRAMINE 60 MINUTES
AND 10 mg CHLORPHENIRAMINE
30 MINUTES PREIRRADIATION

C - 20 mg CHLORPHENIRAMINE 24 HOURS,
10 mg CHLORPHENIRAMINE 60 MINUTES
AND 10 mg CHLORPHENIRAMINE
30 MINUTES PREIRRADIATION

D < 20 mg CHLORPHENIRAMINE
60 MINUTES PREIRRADIATION

{) - NUMBER OF MONKEYS

¢ 20 40 60 80 100 120
TIME POSTIRRADIATION (minutes)

Figure 5. Average performance of saline- or chlorpheniramine-treated monseys
‘ following a 4000-rad dose of mixed gamma-neutron radiation

.Performance of the chlorpheniramine-treated monkeys of Groups B, C and D
(Figure 5) was significantly better for the first 40 minutes postirradiation than that of
the monkeys which received saline (Group A)., After 44 minutes there was no significant
differérice in performance between the monkeys which received 40 mg of chlorphen-
ifamine (Group C) during the 24 hours preirradiation and the saline-treated animals.
The performance of the chlorpheniramine-treated monkeys of Groups B and D contin-

ued to be significantly better than the saline-ireated monkeys (Group A) for the entire

observation period. However, after 40 minutes postirradiation, the performance oi |

Group B declined more rapidly than did the performance of group D, 'Although it is

suggested that the difference is attributable to the effect of surgery, t_he somewhat dif-

ferent drug administration time may also have influenced the results.
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The immediate postirradiation decline in blood pressure in the chlorpheniramine-
;reated monkeys (Figure 6) was nof as severe as that on the saline-treated monkeys.
However, the only group means that differed stgnifiéantly were those of Groups A and BB

after 20 minutes postirradiation (p <.05, Student's "'t":test).

A+ 1) ml ISOTONIC SALINE
30 HINUTES PREIRRARIATION

100

[0}
z e B+ 10 mg CHLQRPHENIRAMINE 60 MINUTES
g a o AND 10 mg CHLORPRENIRAMINE -
< 30 MINUTES PREIRRADIATION
380 "
s T - 20 mg CHLORPHENIRAMINE 24 HOURS,
= 9 10 mg SHLORPHENIRAMINE 40 MINUTES -
@ 2 AND 10 mg CHLORPHENIRAMINE
a9 60 30 MiWUTES PREIRRADIATION
w o
: E I STANDARD ERROR
Z
o & 40 () - NUMBER OF MONKEYS
o«

Y 4
ol .

X

0 1 1 { o 1
0 20 40 60 a0 100 120

TIME POSTIRRADIATION (minutes)

Figure 6. Mean arterial blood pressure of saline~ or chlorp’nmﬂmminewta'e:}sted A
monkeys following a 4000-rad dose of mixed gamma- neutron radiation

+ ,

IV, DISCUSSION

“The average blood pressures of the chlorpheviramine-freated groups were hi,’;}um: T

~ throughout the observat s period than those of the saline-treated control gxt'mip aud

were above what is considered a critioal value (50 - 60 poroent of the px*eh'rmﬂation a

v

o on ' S
mean arterial pressure) for adequate covebral clvedtton, ™™ Simtlar voselt have <

been reported proviously in untrained, chlorphenivamine-ireated mmtk{eyz;."
“There was no correlation botween the fall of moean artevial blood presaure and

“the ocourrence of severe performance decroment. Some saimals stopped portorming

8

“
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during the time that their blood pressure measurements were well above critical lev-
cls (Figures 1, 2 and 3). However, no animal with blood pressurc below critical
levels performed adequately for more than a few minutes.

The poorer performance of those animals which received chlorpheniramine on
2 consecutive days and were then irradiated may be explained by the fact that although
the plasma half-1ife of chlorpheniramine (in the dog)6‘ 7 is only 3 hours, and its anti-
histaminic effects last only 4 to 6 hours,3 the metabolites of chlorpheniramine have
half-life of approximately 10 days.7 The performance decrement might be secondary
to the toxic effects of metabolites of chiorpheniramine rather than to the histamine-
antihistamine relationship of chlorpheniramine; however, there is no experimental
evidence in support of this latter supposition.

V. CONCLUSIONS

The antihistamine chlorpheniramine maleate is effective in preventing E'TI,
postirradiation performance decrement, and in reducing the hypotension observed in
monkeys after a 4000-rad dose of mixed gamma-neutron radiation. Since the major
pharmacological effect of chlorpheniramine is blocking histamine receptor sites, its
cffectiveness in preventing or modifying the radiation-induced performance changes
and hypotension can be taken as further evidence that histamine is involved in the acute
radiation syndrome. However, the ETI-ameliorating properties of chlorpheniramine
are not mediated through the maintenance of arterial blood pressure. An earlier study9
in which similarly trained and irradiated monkeys were infused with norepincphrine
so that blood pressure was maintained above 100 mm Hg did not differ significantly in
performance from controis. Some mechanism other than deficient blood pressure,

yet capable of bheing ameliorated by chlorpheniramine, is implicated in ETI.
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